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APPARATUS AND METHOD FOR OBTAINING AVERAGE SCENE 
INTENSITY INFORMATION FROM A PHOTO DETECTOR ARRAY 

The Field of the Invention 

This invention relates generally to optical sensor devices. This invention 
relates more particularly to an optical sensor device configured to quickly 
provide average scene intensity information. 

Background of the Invention 

In existing digital cameras, there is a delay between the time when a user 
presses the button to take a picture and the time that a final image is actually 
taken. Between these times, the digital camera determines an average scene 
intensity, and determines appropriate exposure and gain settings based on the 
average scene intensity. In some digital cameras, at least nine frames are 
captured to determine the appropriate exposure and gain settings. If an object 
that a user is interested in imaging is moving, the object may be out of place or 
gone by the time the camera is ready to take the final image. 

In previous digital cameras, all of the pixels in the pixel array were 
individually processed to determine the average scene intensity. In some digital 
cameras, it takes 9 clock cycles to process one pixel. For a VGA size array (i.e., 
480 x 640 pixels), it would take several million clock cycles to process a frame. 
Some optical sensors allow sub-sampling, where only a portion of the pixels in 
the array are sampled, such as every other pixel, or every other set of two pixels. 
Even with sub-sampling, it could take several himdred thousand clock cycles to 
process a frame. 

It would be desirable to provide a faster technique for obtaining average 
scene intensity information, and thereby minimize the amoimt of time between 
when a user pushes the button on a digital camera to take a picture, and the time 
that a final image is captured. 
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Summary of the Invention 

One form of the present invention provides an optical sensor array 
including an array of pixel circuits. Each pixel circuit includes a photo detector 
and a voltage supply line. The voltage supply line from each pixel circuit is 
connected to a common node. A voltage supply input configured to be coupled 
to a voltage supply and to the common node supplies a voltage to each pixel 
circuit. A sensing circuit coupled to the common node senses signals from the 
common node and outputs at least one signal representative of an average 
intensity of Ught directed onto the array of pixel circuits. 

Brief Description of the Drawings 

Figure 1 is an electrical block diagram illustrating major components of a 
prior art sensor array. 

Figure 2A is an electrical schematic diagram illustrating one embodiment 
of a pixel circuit. 

Figure 2B is a diagram of a row of pixel circuits coupled to an output 
stage of a row decoder. 

Figure 3 is a diagram of a sensor array according to one embodiment of 
the present invention. 

Figure 4 is a timing diagram illustrating the timing of various control 
signals used by the sensor array shown in Figure 3. 

Description of the Preferred Embodiments 

In the following detailed description of the preferred embodiments, 
reference is made to the accompanying drawings, which form a part hereof, and 
in which is shown by way of illustration specific embodiments in which the 
invention may be practiced. It is to be imderstood that other embodiments may 
be utilized and structural or logical changes may be made without departing 
from the scope of the present invention. The following detailed description, 
therefore, is not to be taken in a limiting sense, and the scope of the present 
invention is defined by the appended claims. 
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Figure 1 is an electrical block diagram illustrating major components of a 
prior art sensor array 100. Sensor array 100 includes pixel array 102, row 
decoders 104, column amplifiers 106, and column decoder 108. Pixel array 102 
includes a plurality of pixel circuits 200 (shown in Figure 2A), with each pixel 
circuit 200 providing one pixel of image information. The pixels in pixel array 
102 are organized into a plurality of rows and a plurality of columns (e.g., 480 x 
640). Existing sensor arrays, such as sensor array 100, also typically include 
gain amplifiers, analog-to-digital converters, and digital control logic (not 
shown), to ampHfy, digitize, and process the signals firom column amphfiers 
106. Sensor array 100 is discussed in fiarther detail below with reference to 
Figures 2A and 2B. 

Figure 2A is an electrical schematic diagram illustrating one embodiment 
of a pixel circuit 200. In one form of the invention, pixel array 102 includes 
hundreds of thousands of pixel circuits 200 organized into rows and columns. 
Pixel circuit 200 includes transistors 202, 206, and 208, and photo diode 204. In 
one embodiment, transistors 202, 206, and 208 are NMOS field effect transistors 
(FETs). The drain of transistor 202 is coupled to a PRESET line. The gate of 
transistor 202 is coupled to a RESET line. The source of transistor 202 is 
coupled to photo diode 204 and to the gate of transistor 206. In addition to being 
connected to the source of transistor 202, photo diode 204 is also coupled to 
ground. The drain of transistor 206 is coupled to a PVDDi node. The source of 
transistor 206 is coupled to the drain of transistor 208. The gate of transistor 208 
is coupled to a ROW line. The source of transistor 208 is coupled to a 
COLUMN line. 

Pixel information from pixel array 102 is sampled in rows. The sampling 
time for each row of pixels is referred to as a row sample interval. A row of 
pixels (i.e., a row of pixel circuits 200) in pixel array 102 is selected by row 
decoders 104. To select a row of pixels, row decoders 104 asserts the ROW line 
high for each pixel circuit 200 in the desired row. 

Figure 2B is a diagram of a row of pixel circuits 200 coupled to an output 
stage 104 A of row decoders 104. Output stage 104A includes inverters 220A- 
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220C, which drive the ROW, RESET, and PRESET lines, respectively, of pixel 
circuits 200. The VDD connection of inverters 220A and 220B are connected to 
an analog power supply AVDD. The VDD connection of inverter 220C is 
connected to PVDDi. Inverters 220A-220C are also coupled to analog ground 
(AGND). 

The sampling of pixel information is divided into three phases: (1) an 
integration reset phase; (2) an integration phase; and (3) a sample reset phase. 
The integration reset phase begins by asserting ROW and RESET high and 
PRESET low for desired pixel circuits 200, thereby exposure-presetting 
photodiodes 204. During the integration reset phase, photodiodes 204 are 
charged to a reset voltage, which is equal to PVDD minus Vtn- PVDD is a pixel 
voltage supply that is coupled to node PVDDi during normal modes of 
operation, as described below. In one embodiment, PVDD is a nominal 3.3 
volts. In an alternative embodiment, PVDD is a nominal 2.8 volts. In one form 
of the invention, PVDD is supplied by an external voltage supply. Vtn is an 
NMOS transistor threshold voltage, which is approximately 1.1 volts in one 
embodiment. The integration reset phase ensiires that each pixel circuit 200 
starts from a common voltage independent of the integration level of a 
previously captured frame. 

In one embodiment, during the integration reset phase, PRESET is 
asserted low for four clock cycles, and then approximately four microseconds 
later, RESET and ROW are asserted low, thereby starting the integration phase. 
In one form of the invention, a clock rate of 24 MHz is used, although other 
clock rates may be xised. While ROW and RESET are low and PRESET is high, 
pixel circuit 200 integrates the amount of light focused onto photodiode 204 by a 
lens system (not shown), and photo diode 204 discharges from the reset level 
downward. At the end of the integration period, ROW pulses high, thereby 
passing the integration voltage on photodiode 204 onto the COLUMN line. 

The COLUMN line for each pixel circuit 200 is connected to column 
amplifiers 106. Column amplifiers 106 act as an analog buffer that samples and 
holds the outputs of a selected row of pixels. At the end of the integration 
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period, column amplifiers 106 sample the integrated signal levels (on the 
COLUMN lines) from a selected row of pixels. 

The third phase of pixel sampling is the sample reset phase, where a 
selected row of pixels is reset. After a column settling time, which, in one form 
of tiie invention, is approximately 1.9 microseconds after ROW pulses high at 
the end of the integration period, RESET is asserted high for 4 microseconds 
plus 5 clock cycles, and PRESET is asserted low for 4 clock cycles. At the end 
of the sample reset phase, column amplifiers 106 sample the reset level on the 
COLUMN line of the selected pixel circuits 200. 

The image signal generated by each pixel circuit 200 is the difference 
between the sampled reset voltage level and the voltage on the photodiode 204 
after the integration period (i.e., the sampled integration signal level). At the end 
of a row sample interval, the difference between the reset and integrated signal 
levels is held on the outputs of column amplifiers 106, referenced to a common 
mode reference level. During a column processing interval, column amplifiers 
106 are sequentially selected by column decoder 108 to output the corresponding 
held level. 

Figure 3 is a diagram of a sensor array 300 according to one embodiment 
of the present invention. Sensor array 300 includes transistors 302, 306, 308, 
and 312, current sources 304 and 310, pixel array 102, column amplifier 314, 
gain amplifier 316, analog-to-digital converter (ADC) 318, and digital control 
logic 320. Digital control logic 320 includes register set 322 and timing 
controller 324. In one embodiment, transistors 302, 306, and 308, are NMOS 
FETs, and transistor 312 is a PMOS FET. 

The gate and the drain of transistor 302 are connected to pixel voltage 
supply PVDD. The source of transistor 302 is connected to current supply 304 
and to the drain of transistor 306. Current supply 304 is also connected to 
ground. In one embodiment, current source 304 suppHes a nominal current of 
about 100 microamps. The gate of transistor 306 is connected to an RSTG line. 
The source of transistor 306 is coupled to the gate of transistor 308, which is also 
coupled to the PVDDi node. The drain of transistor 308 is coupled to pixel 
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voltage supply PVDD. The source of transistor 308 is coupled to current source 
310, and to an output (OUT) node. Current source 310 is also connected to 
ground. In one embodiment, current source 310 supplies a nominal current of 
about 10 microamps. 

The source of transistor 312 is connected to pixel voltage supply PVDD. 
The gate of transistor 3 12 is connected to an ISOLATE line. The drain of 
transistor 3 12 is connected to the PVDDi node, which is connected to the 
PVDDi line of each of the pixel circuits 200 in pixel array 102. In one 
embodiment, transistor 312 is relatively large (e.g., several hundred microns), 
but is constructed in a manner to minimize the impact on chip size. 

Various modes of operation of sensor array 300 can be programmed by 
setting various bits in register set 322. During normal modes of operation, the 
ISOLATE signal is low, causing transistor 312 to be on, thereby shorting PVDD 
to node PVDDi. During normal modes of operation, timing controller 324 
generates appropriately timed signals (e.g., PRESET, RESET, and ROW) for 
capturing image frames in a normal manner as described above. Register set 322 
also provides a global photo diode mode for quickly obtaining average scene 
intensity information. During the global photo diode mode, timing controller 
324 sets the ROW lines low and the PRESET line high. During the global photo 
diode mode, timing controller 324 also generates RSTG, nGLBRST, and 
ISOLATE signals. The global photo diode mode is discussed in fiirther detail 
below with reference to Figure 4. 

Figure 4 is a timing diagram illustrating the timing of various control 
signals 400 used by sensor array 300 during the global photo diode mode. At the 
start of the global photodiode mode, nGLBRST is set low (indicated by 
reference number 402) by timing controller 324. The nGLBRST signal is 
coupled through an inverter (not shown) to the RESET Une of each pixel circuit 
200 in array 102. Setting nGLBRST low causes the RESET line at the gate of 
transistor 202 in each pixel circuit 200 to go high. When the RESET line of each 
pixel circuit 200 is set high, all of the photodiodes 204 in array 102 charge to a 
nominal voltage of PVDD minus Vtn- 
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At some time after nGLBRST is set low (indicated by reference number 
404), the ISOLATE and RSTG signals are set high by timing controller 324. In 
one embodiment, the ISOLATE and RSTG signals are set high approximately 
four microseconds after nGLBRST is set low. Setting ISOLATE high turns 
transistor 312 off, thereby isolating the PVDDi lines of the pixel circuits 200 in 
pixel array 102 from the pixel voltage supply PVDD. When the ISOLATE and 
RSTG signals are set high, the PVDDi node discharges to the voltage PVDD 
minus Vtn through transistor 306 and current source 304. Transistor 302 is 
biased such that the voltage at node A is approximately equal to the reset voltage 
set on each of the pixel circuits 200. 

When RSTG is set low by timing controller 324 (indicated by reference 
number 406), the voltage at the PVDDi node decays proportionally to the 
average photo current across all of the pixel circuits 200. The PVDDi node acts 
as a summing node for all of the pixel circuits 200 in array 102, and all of photo 
currents from the pixel circuits 200 discharge through the PVDDi node. The 
sensitivity of array 102 in the global photo diode mode is much lower than that 
of any individual pixel in array 102. At the end of an integration time (indicated 
by reference number 408), the integrated voltage at node OUT is sampled and 
held by column amplifier 314. In one embodiment, the integration time is 
programmable via register set 322. 

After the integrated voltage at node OUT has been sampled by column 
amplifier 314, timing confroller 324 sets RSTG high (indicated by reference 
number 41 0) to generate a reset. After a settling time, column amplifier 3 1 4 
samples the reset voltage at node OUT, and outputs a signal (equal to the 
difference between the integrated voltage at node OUT and the reset voltage at 
node OUT) to gain amplifier 316. Gain amplifier 3 1 6 amplifies the signal from 
column amplifier 314, and outputs the amplified signal to analog-to-digital 
converter 318. The amplified signal is digitized by analog to digital converter 
318, and one or more digital samples are provided to digital control logic 320. 

In one form of the invention, in the global photo diode mode, the 
difference between the integrated voltage and the reference voltage at node OUT 
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is amplified and digitized through the same path as used by any one of the pixel 
circuits 200 in array 102 during normal modes of operation. Thus, in addition to 
being used for amplifying and digitizing signals from the COLUMN line of one 
or more pixel circuits 200 during normal modes of operation, column amplifier 
314, gain amplifier 316, and analog-to-digital converter 318 are also used for 
amplifying and digitizing signals from the OUT node during the global photo 
diode mode. In an alternative embodiment, an additional column amplifier 314, 
gain amplifier 316, and/or analog-to-digital converter 3 1 8 may be added to 
implement the functionality described herein for the global photo diode mode. 

The digital samples output by analog-to-digital converter 318 to digital 
control logic 320 are representative of the average scene intensity of the scene 
focused onto pixel array 102. In one embodiment, average scene intensity 
information is obtained in nine clock cycles in the global photo diode mode. 
Digital control logic 320 determines and outputs appropriate exposure timing 
information based on the digital samples received from analog-to-digital 
converter 318. In one embodiment, the average scene intensity information 
obtained by placing all of the photo diodes 204 in parallel in the global photo 
diode mode is used as starting point for determining an appropriate exposure 
setting, and then one or two frames are processed in a standard manner in a 
normal mode of operation to determine a more exact average scene intensity. 

It will be imderstood by a person of ordinary skill in the art that functions 
performed by sensor array 300 may be implemented in hardware, software, 
firmware, or any combination thereof. The implementation may be via a 
microprocessor, programmable logic device, or state machine. Components of 
the present invention may reside in software on one or more computer-readable 
mediums. The term computer-readable medium as used herein is defined to 
include any kind of memory, volatile or non-volatile, such as floppy disks, hard 
disks, CD-ROMs, flash memory, read-only memory (ROM), and random access 
memory. 

One embodiment of the present invention provides a means for quickly 
obtaining information regarding the average power in a scene to be imaged. 
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thereby allowing exposure and gain settings to be determined more quickly than 
prior art techniques. In one form of the invention, the scene information is 
obtained quickly by combining all of the photo diodes in parallel via a pixel 
voltage supply connection to the pixel array. In one embodiment, the pixel 
voltage supply node is used as a common to short all of the photo diodes in the 
pixel array together, and then in nine clock cycles, average scene intensity 
information can be obtained. Placing all of the photo diodes in parallel produces 
an averaging effect for the scene being imaged. 

Although specific embodiments have been illustrated and described 
herein for purposes of description of the preferred embodiment, it will be 
appreciated by those of ordinary skill in the art that a wide variety of alternate 
and/or equivalent implementations may be substituted for the specific 
embodiments shown and described without departing from the scope of the 
present invention. Those with skill in the chemical, mechanical, electro- 
mechanical, electrical, and computer arts will readily appreciate that the present 
invention may be implemented in a very wide variety of embodiments. This 
application is intended to cover any adaptations or variations of the preferred 
embodiments discussed herein. Therefore, it is manifestly intended that this 
invention be limited only by the claims and the equivalents thereof 



